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Abstract 
The management of nitrogen (N) has been one 
of the most studied agricultural practices in 
order to improve their efficiency of use, 
because 98% of N in the soil is in organic 
form, and only 2% arise from inorganic forms 
ammonium and/or nitrate. The N in the plant acts participating in the molecules of organic 
compounds such as amino acids and proteins, and also activating enzymes to carry out vital 
processes of the plant (primary metabolism), such as protein synthesis, ion absorption, 
photosynthesis, respiration, cell multiplication and differentiation. By having these characteristics 
nitrogen is the element that causes the greatest effect on the characteristics related to plant growth 
and development, which directly or indirectly affect the yield. From the economic and 
environmental standpoint, the dose of N applied is the most important decision in the management 
of fertilizers, and in this recommendation it should be taken into account soil and climatic 
conditions, cropping system, sowing time, the responsiveness of the genetic material, crop rotation, 
timing and mode of application, N sources, and operational economics. Thus, this study aims to 
review the importance of the nitrogen applied as top dressing in corn, emphasizing the periods of 
fertilizer application and the recommended and economic doses. 
 
 
Keywords: Zea mays L.; nitrogen; productivity. 
Introduction 
Corn, which belong to the family 
Poaceae and genus Zea, has great world 
importance since its grains are used for animal 
and/or man food, thickeners and adhesives, 
production of oil, and recently Europe and 
United States have encouraged its use for the 
production of ethanol (SILVA et al., 2009), with 
this making the use of this cereal more 
expensive for direct and indirect food aims.  
Corn is affected by a set of factors as the 
cultivar itself, soil, fertilization, climate, 
cultivation practices, plagues and diseases 
(FANCELLI and DOURADO NETO, 2004; 
FORNASIERI-FILHO, 2007). This makes it 
important and necessary the development of 
studies in the trial of solving several problems 
related to these factors, aiming to obtain high 
production, with high quality.  
One of the variables which is determiner 
in the production is the obtaining and 
providence of nutrients to the crop, among 
which it is noteworthy nitrogen, for 
participating in the composition of the related 
amino acids, protein, chlorophyll and several 
essential enzymes which stimulated the growth 
and the development of the shoot and root 
system (MARSCHNER, 1995; MALAVOLTA, 
2006), therefore it is the nutrient absorbed in 
more quantity by the corn crop and also the 
most limiting for it.  
The management of nitrogen has been 
one of the most studied agricultural practices 
related to improve its efficiency of use. This 
necessity exists because most part of the soil 
nitrogen is found in organic combinations, 
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being thus unavailable for vegetables 
(MALAVOLTA, 2006). 
This work has as objective to make a 
review about the importance of nitrogen 
applied in cover in the corn crop, emphasizing 
the period of application of the fertilizer, and 
the recommended and economical doses.  
The corn culture 
Corn (Zea mays L.) is a 
monocotyledonous which belongs to the family 
Poaceae, genus Zea, scientifically named Zea 
mays L., and has its origins in America, possibly 
in Mexico, Center America or the Southeast of 
the United States. Soon after the discovery, corn 
was transported to Europe where it was 
cultivated in gardens until its value as food was 
known. From then it began to be planted in 
commercial scale and spread in the world from 
the latitude 58° North (Soviet Union) to 40° 
South (Argentina) (FANCELLI and DOURADO 
NETO, 2004; FORNASIERI-FILHO, 2007). 
Corn grain has average composition of 
60% of carbohydrates, 10% of protein, 4% of 
lipids, the remaining of minerals and vitamins 
(FORNASIERI-FILHO, 2007), considering that 
protein is constitute by albumins, globulins, 
prolamins and glutelins (FANCELLI and 
DOURADO NETO, 2004; FORNASIERI-FILHO, 
2007). This constitution provides that this cereal 
is used for animal feed in nature, as forage 
conserved for the period of draught, in the 
manufacture of bran and also in human feed, as 
amide, floor or oil, besides being the raw 
material for more than 500 products 
(PONCIANO et al., 2003). 
In relation to the world production of 
corn grain in the agricultural year 2009 it was 
produced the amount of 817 million tones (t), 
from which United States were responsible of 
333 million of t, China of 163 million of t and 
Brazil of 51 million of t (FAO, 2010). According 
to FAO (2010), while the United States have 
cultivated and area of 32 million of hectares (ha) 
in which they obtained an average yield of 10.3 
t ha-1 of grains, China obtained 5.4 t ha-1 of 
grains in an area of 30 million ha, Argentina 5.6 
t ha-1 of grains in 2.3 million ha and Brazil with 
an area of 13.8 million ha reached an average 
grain yield of only 3.7 t ha-1. This low yield is 
due to the fact that 43% of the area cultivated 
with the grain in the country is destined to 
subsistence, i.e., farmers use low technology, 
considering that 11% of the farmers use high 
technology for the production (VON PINHO, 
2001). 
The high yield in corn has been 
guaranteed by the adaptation of cultivars to 
varied situations of climate and soil, by genetic 
breeding, by the improvement of the chemical, 
physical and biological quality of the cultivated 
soils, besides the adoption of cultural practices, 
as the use of substantial quantities of nitrogen 
fertilizer. It is necessary, however, to take care, 
since the inappropriate supply of nitrogen may 
cause the limitation of the corn yield, besides 
causing environmental contamination and 
increase costs.  
Nitrogen  x Plant 
The demand of N by plants is 
consequence of its structural function, since it is 
part of the molecule of organic compounds, as 
amino acids and proteins, and it is still activator 
of several enzymes (MALAVOLTA, 2006). The 
vegetable also depends on N to the performance 
of one or more vital processes of the plant, as 
synthesis of protein, ionic absorption, 
photosynthesis, respiration, multiplication and 
cell differentiation (MARSCHNER, 1995; 
MALAVOLTA, 2006), providing a green and 
abundant vegetation, increase in foliage and in 
the content of protein of the food plants, fast 
growth and aid to the soil microorganisms in 
the decomposition of the organic matter 
(MALAVOLTA, 2006). 
Due to these characteristics, N is the 
element which causes more effects in the 
increase of production in the corn crop, 
according to which was proved by ARAÚJO et 
al. (2004), GOMES et al. (2007) and DUETE et al. 
(2008). Besides its effect over the yield, N 
interferes in many other characteristics of the 
plant related to the growth and development 
which, direct or indirectly, affect the crop yield. 
It can be found, in literature, quotes about the 
influence of N in the weight of one thousand 
grains (FERREIRA et al., 2001; AMARAL 
FILHO et al., 2005), in the number of ears per 
plant (FERNANDES et al., 2005), in plant height 
237 
 
 
 
 
 
Pesquisa Aplicada & Agrotecnologia v.4, n.2, Mai/Ago ( 2011) 
Print-ISSN 1983-6325      (On line) e-ISSN 1984-7548 
Uso de fertilizante nitrogenado na cultura do milho...  
p.226-244 Use of nitrogen fertilizer in corn...   
Aplicación de fertilizantes nitrogenados en maíz...  
 
and weight of ears (ARAÚJO et al., 2004), in ear 
length (BÜLL, 1993), in stem diameter (MAR et 
al., 2003), in production of dry matter (ARAÚJO 
et al., 2004; DUETE et al., 2008) and in root 
growth (BÜLL, 1993). 
The demand of N by corn range 
considerably with the different stages of plant 
development: it is minimum in the initial stages, 
increases with the increase in the growth rate 
and reaches a peak during the flowering until 
the beginning of grain formation. With this in 
mind, BOBATO (2006) and MALAVOLTA 
(2006) quantified the content of N in the index 
leaf, in the period of full bloom, phase 
recommended to diagnose the nutritional stage 
of the plant, obtaining the values of 34 g kg-1 of 
N and 28-35 g kg-1 of N, respectively, as being 
the appropriated for the crop. 
Nitrogen x Soil 
Approximately 98% of N in soil is found 
in the organic form, considering that 2% is 
presented in organic forms as ammonium 
(NH4+) and/or nitrate (NO3-), promptly 
available (MALAVOLTA, 2006), originated by 
the mineralization during the cultivation by 
enzyme hydrolysis produced by the activity of 
the soil microbiota (CORDEIRO and HOEK, 
2007) and/or by application of nitrogen 
fertilization. 
Other characteristic of N in soil is the 
influence that it suffers in the adopted in the 
management system, verifying that in the initial 
phase of adoption of the no-tillage system (NTS) 
there is a higher necessity of using nitrogen 
fertilizers, due to the process of immobilization 
by the microbial biomass of the soil, caused by 
the increase of the activity and by the low 
content of organic matter (OM) (SÁ, 1996). 
However, in a few years there is the recovery in 
the balance of the transformations which occur 
in soil, because there is deposition and 
accumulation of cultural residues in the soil 
surface (BEUTLER et al., 2001) and the absence 
of their incorporation to the soil contribute for 
the reduction of losses of OM by erosion and 
microbiological mineralization (AMADO et al., 
2002; BAYER et al., 2004). 
As a consequence of the increase of the 
content of OM there is the increase of the 
content of organic carbon, and with this the 
microbial activity is stimulated, resulting in 
products which act in the formation and 
stabilization of the aggregates (LIMA et al., 
2003), increase in the cation exchange capacity 
(CEC) and of soil nutrients, specially N (AITA 
et al., 2001), being, thus, the main reservoir of 
this nutrient for the cultures in NTS (AMADO 
et al., 2002). Depending on the time of adoption 
and of the local conditions, the source of N 
character of the OM prevails in relation to the 
drain character, and may even have no answer 
for the application of nitrogen (BELOW, 2002). 
According to COELHO et al. (2002), 70 to 
90% of the researches conduced in Brazil under 
different conditions of soil, climate and 
management systems demonstrate positive 
responses of the corn crop to the fertilization 
with N. 
According to FORNASIERI-FILHO 
(2007), a soil with content of 27 g dm-3 of OM in 
the layer of 0-20 cm, theoretically it is capable 
do provide the equivalent of 54 kg ha-1 of N, 
considering an average rate of mineralization of 
2% of the organic N during the crop cycle, 
which enables to obtain 2700 kg ha-1 of corn 
grains. The same author affirms that, in soils 
which non limiting contents of OM, in favorable 
conditions of rain, the effects of the nitrogen 
fertilization are not very pronounced.  
Period of nitrogen application 
In the initial stages of crop development, 
the root system of the corn plants is 
underdeveloped and, therefore, a small portion 
of soil is exploited, with this, its nutritional 
demand is lower, however, researches have 
indicated that high concentration of N in the 
root zone are beneficial to provide the fast 
initial growth of the plant and increase in grain 
productivity (YAMADA, 1996). Besides that, the 
supply of N in the initial stages favors a higher 
absorption of phosphorus (MARSCHNER, 
1995). 
FORNASIERI FILHO (2007) suggests the 
division of the cycle of the corn crop in 
vegetative (V) and reproductive (R) phase, with 
sub-divisions of the vegetative phase 
numerically named as V1, V2, etc., until Vn, in 
which n represents the stage of last leaf before 
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tasseling. By using as reference this division, 
FORNASIERI FILHO (2007) says that it is 
during the phenological stage V4, in which 
plants have four leaves completely unfold, that 
the plant has its potential of production defined 
by the differentiation of the apex meristem. This 
justified the importance of the N available, 
observing the definition of the reproductive 
organs and leaves in the plant stem. In this 
phase, the deficiency of N reduces the number 
of egg cells in the beginnings of the ear 
(FANCELLI and DOURADO NETO, 2004). 
The phenological stage V8, in which 
plants presented eight leaves, is characterized 
by preceding the occurrence of increase in the 
rate of growth of the ears, observing good 
response to the use of nitrogen fertilizers, since 
in this period it occurs marked development of 
the root system and, consequently, increase in 
the absorption (FANCELLI and DOURADO 
NETO, 2004; FORNASIERI-FILHO, 2007). 
The rate of absorption of N increases 
proportionally with the increase in growth until 
it reaches its maximum peak between the 
flowering and the beginning of the grain filling 
(FORNASIERI-FILHO, 2007). 
In a general way, the absorption of N by 
corn is more intense in the period between 40 
and 60 days after the germination, but the plant 
still absorbs a small quantity in the germination 
and after the beginning of the flowering, 
characterizing thus three phases for absorption: 
one phase in the slow initial growth 
(germination), one phase in the fast growth in 
which 70 to 80% of all the dry matter are 
accumulated and a last phase of absorption in 
which the growth is again slow, accumulating 
approximately 10% of total dry matter of plant 
(VASCONCELLOS et al., 1998). 
CANTARELLA (1993) reports that even 
though the absorption of N by corn is more 
intense from 40 to 60 days after emergence, 
plant still absorbs approximately 50% of the N 
which it needs after the beginning of flowering. 
The author affirms that it is possible that there 
is advantage in one later application of part of 
the N in the cases of application of high doses of 
fertilizers, very sandy soils or irrigated areas. 
It can be observed thus that the plotting 
and the period of application of the nitrogen 
fertilizer are alternatives to increase the 
efficiency of the fertilization with N by the corn 
crop and mitigate losses. This is supported by 
the better use of N, resulting of the 
synchronization between applications and the 
period of high demand of the nutrient 
(AMADO et al., 2002; SILVA et al., 2005). 
SOUZA et al. (2001) evaluated the effects 
of the application of N in a single dose (150 kg 
ha-1 of N) or divided in different periods (stages 
V4 and V8), in the form of ammonium sulfate, 
verifying that the grain yield did not present 
significant differences for the periods of 
application, as well as the parceling of the N. 
For SILVA (2005), in edaphoclimatic 
conditions of cerrado, the application of N in the 
stage V4 provided higher grain yield (6756 kg 
ha-1) in relation to the treatments which 
received N in the stage V8 (6571 kg ha-1). 
MAR et al. (2003) studied different doses 
of N, in the form of urea, verifying that the best 
results were reached with the application of 1/3 
of N in the seeding and 2/3 when corn was in 
V8 (6549 kg ha-1 of grains) and the lowest yield 
was obtained where there was application of 
1/3 in seeding and 2/3 in the stage V10 (3160 kg 
ha-1 of grains). 
Other management which has been 
recommended in the south region of Brazil is 
the application of N in corn pre-seeding (SÁ, 
1996), which has as objective to overcome the 
problem of the immobilization of N applied in 
seeding. The methodology consists in applying 
the N in the mechanical management of the 
winter crop, accelerating its decomposition and, 
thus, avoiding the competition between 
biomass and the crop by the nitrogen fertilizer 
placed in seeding (SÁ, 1996), providing 
increases in the content of N in soil and in the 
absorption by plants after the management of 
the cover crop, and may also influence in the 
rate of decomposition of vegetal residues. Thus, 
SÁ (1996) verified gains in yield with the 
anticipation of N in the corn seeding.  
This kind of manage offers high risk, in 
function of the high doses of N recommended 
for the crop, and also of the occurrence of high 
rainfall after its application, which may cause 
the leaching of N. In studies developed by 
WOLSCHICK et al. (2003), it was verified that 
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the application of 150 kg ha-1 of N in pre-
seeding and 30 kg ha-1 of N in seeding resulted 
in yield similar to the application of 90 kg ha-1 of 
N, divided in seeding and two covers, under 
conditions of intense rainfall.  
BORTOLINI et al. (2001) verified lower 
yield in corn when N was applied previously 
(150 or 60 kg ha-1 of N), in regime of excessive 
water availability.  
CANTARELLA et al. (2003) observed 
that the application of N in pre-seeding reduced 
the corn yield in relation to the cover 
application, when there was regular 
distribution of rainfall, however, when rain was 
scarce, similar yield was observed for both 
periods of application.  
It is important to emphasize that the 
ranges in the results of the experiments of 
nitrogen fertilization in corn come from the 
diversity of edaphoclimatic conditions which 
occur in the country (biotic and abiotic 
features), from the distinct conditions in which 
each study is developed. Another important 
factor which would affect the efficiency of the 
nitrogen fertilization in the experiments would 
be the genetic differences of the materials.  
BEAUCHAMP et al. (1976), when 
evaluating different hybrids, observed that the 
concentration of N in leaves ranged in until 25% 
in the female flowering. These results showed 
the ability of genotyped in differing in the 
absorption of N of the soil, before and after the 
flowering.  
Doses of nitrogen 
Some caution must be taken to 
recommend the dose of N to be used, since if it 
is underestimated, it will happen a reduction of 
the yield, and, when super estimated, there will 
be a reduction in the producer yield by the 
unnecessary expense with fertilizers, besides 
affecting the environment, in consequence of 
the losses of N as a result of the excess available 
(ARGENTA et al. 2003). 
From the economic and environmental 
viewpoint, the dose of N to be applied is the 
most important decision in the management of 
fertilizers. In this recommendation it must be 
considered the edaphoclimatic conditions, 
cultivation system (no-tillage or conventional 
system), period of seeding, responsiveness of 
the genetic material, crop rotation, period and 
form of application, source of N, economical 
and operational aspects (BOBATO, 2006). These 
factors affect the response of corn to N so that 
the curves of yield may range a lot in different 
places, as well as in fertile soils with high 
content of organic N in soil, consequently, 
nitrogen fertilization may not have effect or 
even reduce the production (BELOW, 2002). 
RAIJ et al. (1981) conduced 25 
experiments, in the state of São Paulo, 
evaluating the nitrogen fertilization in cover of 
the corn crop, concluding that there was 
positive relation in 16 of them, and in the dose 
of 120 kg ha-1 of N some experiments presented 
grain yield above 7000 kg ha-1, verifying also 
that the average increase in yield for the set of 
experiments was approximately 1500 kg ha-1 of 
grains for applications of until 120 kg ha-1 of N. 
According to BÜLL (1993) and 
YAMADA (1996), the use of 30-40 kg ha-1 of N 
in seeding and 80-140 kg ha-1 of N in cover in 
the stage V4, may provide yield of 9000-12000 
kg ha-1 of corn grains, in case that no negative 
effect occurs for the crop. 
According to MALHI et al. (2001), it is 
necessary to be cautious in the recommendation 
of the dose, since the recovery of N from the 
fertilizers, by plants, is relatively low, reaching 
in many cases less than 50%. COELHO et al. 
(1991), using 60 kg ha-1 of N, obtained recovery 
of 60% of the N applied as urea in the corn crop. 
However, when the doses of N are higher, the 
recovery of N tend to decrease relatively, as it 
was observed by GROVE et al. (1980), who 
obtained 36% and 40% of recovery of N, applied 
in the corn crop, in the form of urea, in the 
doses of 120 and 140 kg ha-1 of N, respectively.  
The low efficiency of recovery of the N 
of the fertilizer has been attributed mainly by 
volatilization, denitrification (LARA CABEZAS 
et al., 1997) and leaching. The losses of the 
fertilizer N by denitrification have been 
estimated in less than 10% of the corn crop 
(HILTON et al., 1994), by leaching it was just 4% 
of the applied (COELHO et al., 1991) and by 
volatilization it was seen losses which range 
from 31 to 78% of the total of N applied (LARA 
CABEZAS et al., 1997). 
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Economical doses of nitrogen 
The prices of the corn accompany the 
movements of the offer, establishing 
fluctuations according to the periods of crop 
and intercrop. Among the main factors which 
influence in the process of formation of the price 
of the corn it is emphasized the offer and 
demand in the internal market and of the 
producer and exploiting countries, politics of 
financing of costs and management of 
minimum costs, cost of production, flow of 
formation of the commerce, politics of 
importation and interest and change rates. 
In a  general way, the Brazilian producer 
of corn has suffered losses of revenue in the last 
year, in function of the significant increases in 
the cost of production, mainly since corn does 
not have its price in dollar, as it happens in 
soybean, for example, while the inputs used in 
its cultivation accompany the exchange 
variation (SILVA et al, 2007). 
SILVA et al. (2007) observed that the 
maximum economical yield of corn grains, in 
the first year of experiment with N applied in 
the phenological stage V4 was obtained with the 
doses of 92, 112 and 130 kg ha-1 of N, in corn 
cultivated succession to crotalaria (8389 kg ha-1 
of grains), fallow (7489 kg ha-1 of grains) and 
millet (7343 kg ha-1 of grains), respectively. For 
the phenological stage V8, the yield was reached 
with 102, 122 and 107 kg ha-1 of N, in corn in 
succession to crotalaria (8327 kg ha-1 of grains), 
fallow (7357 kg ha-1 of grains) and millet (6423 
kg ha-1 of grains), respectively.  
In the second agricultural year, these 
authors verified that for the application of N in 
the phenological stage V4, the yield was reached 
with the dosed of 121, 135 and 137 kg ha-1 of N, 
in corn cultivated in succession to crotalaria 
(8771 kg ha-1 of grains), fallow (7803 kg ha-1 of 
grains) and millet (7836 kg ha-1 of grains), 
respectively. For the phenological stage V8, the 
yield was reached with the doses of 126, 131 
and 128 kg ha-1 of N, in the millet in succession 
to crotalaria (8989 kg ha-1 of grains), fallow 
(7552 kg ha-1 of grains) and millet (6944 kg ha-1 
of grains), respectively. The same authors 
verified that in economic terms, each kg of N in 
the form of urea invested provided, in average, 
the return of R$ 4.85; R$ 5.80 and R$ 5.48, 
respectively, for corn in succession to crotalaria, 
fallow and millet.  
PAVINATO et al. (2008) with 
experiment of irrigated corn, found that the 
point of leveling (number of units which should 
be produced to cover the total cost of 
production, considering a pre-determined value 
of commercialization) ranged between 4.31 to 
6.07 t ha-1 for the agricultural year 2003/04. 
Besides that, they observed that the costs with 
nitrogen fertilization were up to 29% of the total 
cost of production for both agricultural years. 
The same authors report that the crude revenue 
increases with the dose of N and reached a 
maximum with the doses of 243 and 248 kg ha-1 
with coefficient of determination of 0.29 and 
0.81, in 2002/03 and 2003/04, respectively. 
However, the maximum economic efficiency 
was obtained with the application of 156 and 
158 kg ha-1 in the agricultural years of 2002/03 
and 2003/04. 
 
 
Final considerations 
 
The response of the corn crop to nitrogen 
depends of factors such the adequate 
management of the nitrogen doses to be 
applied, nitrogen source, period of application 
of the fertilizer, besides the interference caused 
by the edaphoclimatic conditions and the soil 
microorganisms. 
It is important to consider the 
phenological stages of the crop, the pace of 
absorption of N by corn, the climate conditions, 
the type of soil, the genotype used, aiming to 
reduce losses and increasing the efficiency of 
use of nitrogen and, with this, increasing yield 
and grain quality. 
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